Introduction
Poland joined the European Union in May 2004. Since then the economic situation of farmers has changed greatly. All Polish farmers have benefited from the direct EU payments. Additionally, Polish farmers benefited because dairy quotas helped keep milk prices high. But even these payments were not enough for offsetting the problems that arose in world markets with the financial crisis and the accompanying price volatility.
What is more, Polish farmers have increased milk production while the number of dairy farms has decreased. Polish products are rather ecological and EU consumers demand high quality products. That is why Polish products can compete in European Union markets even though new European Union regulations on aflutoxins will result in trade outflow (Otsuki et al. 2001 ). However, output prices exert a great influence on input purchases, and variable transaction costs that affect input use decisions. Transport costs in input and output markets have clear effects on transport-intensive use of agricultural inputs (Winter-Nelson and Temu 2005) .
We examine agricultural commodity price volatility for Poland. Price volatility of agricultural commodities can negatively impact producer income, but it can create problems, especially in planning production. In the whole, market price volatility can lead to loss of trading position as well as welfare loss of consumers (Kemény et al. 2012) .
Literature Review
The impact of price volatility can be twofold. First, high volatility may involve quickly declining prices. On the other hand high price volatility may rapidly increase the price, although if the price volatility persists the price can come down even faster (Pietola et al. 2010) . Price volatility creates uncertainty about future prices, leading to high risks in the market due to farmers' inability to forecast prices and thus, welfare losses for market participants (Apergis and Rezitis 2003) .
The market problems in 2007/2008 have led to price increases and wide fluctuations in agricultural commodity prices. Possible price stabilization strategies include government intervention utilizing instruments such as production quotas and other supply management tools (Mitra and Boussard 2012) . Price volatility has also an impact on deficit and surplus products. It can encourage producers of scarce products to increase supply, while producers of surplus products can be discouraged from investing in production assets. (Poulton et al. 2006) .
Given the income situation of Polish farmers and the possibilities of alternative income development, we consider the impact of price volatility of main commodities on income development as a very interesting and important research topic. Our goal is to recognize if the economic situation of farms depends on price changes. We used statistical measures to evaluate the impact of price changes for the main commodities on agricultural incomes and the number of farms having alternative incomes. Alternative incomes are important on agritourism and ecological farms. These activities create incomes for farmers and the number of farms specializing in agritourism and ecology in Poland increased from 1994 to 2010. Many countries have established different rules to control the problem of price volatility. That is why in the next part of the paper we describe price volatility of agricultural commodities in the European Union. There are various strategies of price stabilization, for example production quotas, direct subsidies and national supply management (Mitra and Boussard 2012) . One of the most important tools is direct subsidies, which can reduce the price that entrepreneurs must pay at harvest, with private storage boosting price volatility (Avalos-Sartorio 2006) . Price stabilization strategies can contribute to increase agricultural growth and economic development and reduce vulnerability (Cummings et al. 2006) .
Price volatility of agriculture commodities has been an issue of growing interest for economists in the European Union. There are various reasons why this topic is important. Of the 27 countries belonging to the European Union, each has a different level of integration and the prices of commodities are regulated by the national and European market forces of supply and demand. However, some rules regulating milk production and the purchase of agriculture commodities interfere with the dynamics of the markets in the European Union. For example, each country has milk production quotas. It is accepted that major policy changes in the EU dairy sector have increased price volatility and the process can be compared to the past. Many management mechanisms to stabilize price volatility were introduced for the development of markets and clarify the links between farm milk and dairy product prices. Large price volatility can create financial problems of farmers on one hand and the stability of consumers is limited by lack of possibility of planning (Keane and OʼConnor 2009) .
European grain prices vary with world prices. Grain price volatility in EU grain markets is the result of wide swings in production because of weather conditions, weak agricultural policy, the global financial crisis in the Euro zone, and exchange rates. Hamulczuk and Klimkowski (2011) provided evidence supporting the fact that a number of EU countries such as Hungary, Czech Republic, Germany, France, Lithuania and Poland face the most wheat price volatility.
Method of Analysis
In the first part of the paper we study the volatility of agriculture commodity prices in Poland, based on descriptive statistics of 487 series of agricultural commodity prices to measure the level of integration.
In the second part of our paper, we measure the impact of price volatility on agricultural incomes and alternative incomes on the basis of regression analysis. This method estimates the linear correlation between variable X to Y as described with the following equation (Sobczyk 2005) :
where:
Ŷ: theoretical value of regression function F(X) responsible for level of x variable, £ 0 , £ 1 : parameters of structural literal function of regression Y according to X, ζ: lost element.
The Milk Market in Poland
Poland is a newer member of the European Union and for various reasons the ΕU integration did not have a strong impact on Polish milk markets. Firstly, the European Union has introduced milk quotas. This means that the output of milk is regulated. Secondly, the price of milk is more stable because the changes in production are small. The production of milk in Poland has increased by 4.7% during 2000-2009; from 11,889 thousand tons in 2000 to 12,447 tons in 2009. In 2009 the production of milk per capita was 326 kg. Poland produces 8.5% of European Union milk production. Only Germany (19%), France (15.9%) and Great Britain (9.0%) produced and delivered more. However, the production of milk per cow is rather small (4,776 kg in 2009 while the average production per cow in the European Union was 6,117 lt and many countries have an even higher annual production. The highest world producer is the USA with the production of 10,000 kg of milk per year from one cow (Ministry of Agriculture and Rural Development 2011). In this paper, we argue that Poland could catch up fast by using new production methods and genetics.
The Wheat Market in Poland
The production and intervention processes in the wheat market changed once Poland came under the EU policy pertaining to grain trade. Wheat prices fell in 2004 because of a large crop. Moreover, the introduction of the EU intervention system pressed the prices in the same direction. The change in the intervention period triggered severe outcomes. In the harvest period, market forces shaped supply prices. Then, in November, the floor was determined by the intervention price. The empirical results show that the impact of integration on the Polish grain market was certainly non-negligible.
The biggest changes of wheat price were observed two months after the integration date. Moreover, the surplus of 0,4-1,4 million tons of cereals has appeared in the market as the result of the increase of cereal share at the level of 0.3% and cereal crops at the level of 12%. In addition, the decline in market capacity caused by the 0.5% reduction of feed use decreased wheat prices. The effects of international grain price rises began to feed into Polish markets in the latter part of 2006. Cereal crop production in 2005 has dropped by 8.0%-12% and the yields were by 10%-14% lower than 2004. Domestic use of cereals during 2005 and 2006 has been 2.0% higher with the 2.8% increase in feed demand. These changes in the market fundamentals caused the price shifts in 2006. As in the case of wheat, the highest changes of rye prices were observed just after the accession date. Another important change in rye prices was observed in 2006. Under present conditions, an inflow of cereals from EU founder members and newcomers into the Polish market is unlikely to occur. Imports to Poland from the EU-15 are relatively unprofitable. However, some imports from neighboring countries (Czech Republic, Slovakia) or Hungary are possible (Figure 1) . 
Rye Market in Poland

Price Volatility of Agricultural Commodities in Poland-Analysis of Results
Agricultural commodity prices vary seasonally. During the harvest time grain prices are especially low, because of the supply inflow of grain on the market. This is an inducement for farmers and others to store grain. Although every December the Rural Market Agency makes intervention purchases, not all Polish farmers can benefit from direct purchase. First of all the minimum amount of purchase is 80 tons of grain and small scale farmers do not produce this much. Secondly, the quality of grain must be high and not all farmers can produce this quality. What is more, not all farmers have on-farm storage to keep grain from August to December. Thus only big producers can sell into intervention. The degree of intervention in agricultural markets and pricing within the EU are expected to stabilize agricultural commodity prices.
In Table 1 , the agricultural commodity price volatility is presented. Stable milk prices, in the aftermath of intervention in the market, can be observed. Wheat and rye prices are more prone to fluctuation because of global markets forces. Grain price volatility was calculated using basic descriptive statistics in Table 2 . Over the period 2003-1012, the average monthly Polish grain prices were 609.7 PLN/ton for wheat, 498.2 PLN/ton for rye and 145.0 PLN/ton for milk. The data shows that Polish grain prices normally didn't change. Descriptive statistics in Table 2 suggest that the changes in Polish grain prices over the last four years can be described as following a flexible trajectory.
The statistical analysis of the data enabled a calculation of the Hurst coefficient (H). When H is higher, the risk level is smaller (Sobczyk 2005) . If H is between (0.5-1.0) the elaborated rank is persistent and characterized by a long memory effect. When the H coefficient is between (0.0-0.5), the correlation is minus with the market being expected to change movement direction. For H=0.5 the variables are not dependent. The H coefficients calculated in the survey were very high. The test suggests that there is almost a 95% chance that this rise of milk will be preserved in the future (the relevant probabilities for wheat and rye prices are 91% and 89% respectively). This prognosis seems to be rather optimistic for Polish grain producers.
The descriptive statistics show that the price distribution for grain in Poland was positively skewed. The asymmetry in grain distribution can be described as right-sided.
The kurtosis analysis indicates that the values of the variables are less concentrated around the mean than in the normal distribution (-1.3288 for milk, -0.82862 for wheat, -1.0246 for rye). 
GARCH Modelling
The Generalized Autoregressive Conditional Heteroscedasticity (GARCH) models, introduced by Engle (1982) and Bollerslev (1986) , are designed to capture certain characteristics of time series.
Our processes can be modeled as AR (p)-GARCH   1 , 1 , given by the following equations: . The LM statistic (Bollerslev 1986 ) has an asymptotic 2  distribution with q degrees of freedom under the null hypothesis. LM and Jarque-Bera test results are presented in Table 3 . First looking at Table 3 , we look for significant ARCH lags. It appears that ARCH components are significant for milk and wheat. The kurtosis and Jarque-Bera test results suggest that our data are non-Gaussian. GARCH -t model (1.2) -(1.4) exhibits fat tails and Student's -t distribution allows for excess kurtosis in the conditional distribution. Table 4 presents maximum likelihood estimates for the GARCH model (1.2) -(1.4). The empirical evidence suggests that there is no serial correlation in the analyzed series. The degrees of freedom are equal to 2.97, 2.88 and 2.91. The conditional t -distribution is distinctly fatter-tailed than the normal. In the two cases where 1 1    , the conditional variance depends more on price volatility observed in the previous period (Bórawski and Kwiatkowski 2007) .
Income Situation of Polish Farmers
We have analysed how the economic situation of farms has changed in Poland. Since 1994, Polish farmers have increased their incomes. The highest rate of income increase has been observed in Poland after integration with the European Union. There are many reasons for the increase of farms' income in Poland with the most important one being the direct sources of financing from the European Union budget. Polish agriculture has benefited mostly from direct payments and additional money from the Sectoral Operational Programme.
Another important source of incomes of farms in Poland is agritourism. This activity is closely linked to the overall farm and agricultural activity. In 2010 Poland had nearly 13,000 agritourism farms (Figure 2 ). This increase in the number of farms is the result of favourable natural conditions for agritourism development. It is a good way for farm income development, especially smaller farms located close to natural resources such as lakes, rivers, forests, meadows and environment monuments. Customers choosing agritourism can rest well in the farm and take part in simple activities. This helps them to recover and relax in the village, far away from urban areas. What is more, the prices of bed and breakfast in agritourism farms are somewhat cheaper than hotels. The average price of a bed in a typical agritourism farm is calculated to approximately 30-40 PLN which is equivalent to around 10 Euro or $12. As a result of this low cost, agritourism is considered to be very competitive to other tourism activities. Another important branch of activity is ecological farming. Lately, the number of ecological farms in Poland has been increasing each year. Poland has good conditions for ecological farm development. Also ecological farms get a special payment for unconventional production. The market for healthy biologic products has been increasing in Poland. Each year more customers buy healthy products. This is the effect of development of consumer awareness. When the economic situation of customers improves they buy more ecological products. Each consumer is behaving rationally from his or her point of view. Another factor stimulating the development of ecological faming is the increasing demand for healthy products in the European Union and world markets. 
The Impact of Commodities Prices on Farms Income in Poland
We have used a regression analysis to measure the impact of agricultural commodities price volatility on alternative incomes of conventional, ecological and agritourist farms. We have found that the price volatility indeed had a significant, positive effect on alternative income. When the p-value is smaller than 0.05 then the impact is important at the 95% level. Price volatility positively affects incomes of conventional farms as well as of agritourism and ecological farms. For conventional farms, the profits from good years offset the losses of bad years, and of course the volatility creates incentives for farms to have alternative income sources to help weather the periods of low prices (Table 5 ).
The regression analysis indicates that price volatility has a strong impact on farm incomes. Of course, this means that price volatility of agricultural commodities had a strong impact on farmers' economic situation (Table 6 ). 
Conclusions
Polish accession to the EU affected agriculture price volatility. Polish agriculture commodity prices had to be adjusted to the Common Market and, finally, decreased. However, the economic situation of farmers has improved because they gained income from direct payments and other financial sources.
Another important period, during which price volatility emerged as a phenomenon sweeping through the European as well as the international markets, was the financial crisis. This affected mainly grain markets and did not have a strong impact on milk prices, since milk production is regulated by milk quotas. The crisis pulled agricultural prices down and limited farmers' income.
The analysis conducted in the context of this paper shows a low impact of integration with the EU and the world financial crisis on agricultural and alternative income development in Poland. We observed stable increase in incomes in Poland, providing evidence that economic tools and mechanisms implemented to protect agricultural production worked properly. The tendency of agricultural commodity prices to increase had a positive impact on farmers' income and improved the overall economic situation of grain processing enterprises.
In conclusion, Polish agricultural commodity price volatility had a significant and positive impact on the economic performance of the farms. Despite this positive impact of volatility, the management challenges which are presented in this context are very important. Accordingly, actions should be taken to reduce the price volatility. For instance the development of modernization and mechanization of Polish agriculture could lower production costs, resulting in higher farm incomes. For this purpose, further research needs to focus on new varieties of grains and their set of advantages and disadvantages in order to achieve lower production costs.
